Introduction
Glucocorticoid hormones regulate proliferative, inflammatory and immune responses. For years, glucocorticoids have been extensively used for the treatment of hormone refractory prostate cancer (HRPC), and the combination of paclitaxel and dexamethasone remains a standard treatment for HRPC patients in the US and other countries (reviewed by Fakih et al., 2002) . Glucocorticoids have also been used as the 'standard' therapy arm in several randomized phase II-III clinical trials for the combination therapy of HRPC (Fakih et al., 2002; Koutsilieris et al., 2002) .
The cellular response to glucocorticoids is mediated through a highly specific glucocorticoid receptor (GR). In the absence of glucocorticoids, GR is sequestered in the cytoplasm by chaperone proteins. Following ligand binding, the GR dissociates from the chaperones and forms homodimers, which enter the nucleus. There are two major mechanisms of gene regulation by GR (De Bosscher et al., 2003; Necela and Cidlowski, 2004) . The direct positive transcriptional regulation (transactivation) occurs via binding of the GR homodimer to palindromic promoter DNA sequences called glucocorticoid-response elements. The indirect regulation is mediated via crosstalk with other transcription factors (TFs), including activator protein 1 (AP-1), nuclear factor kappa-B (NF-kB), signal transducer and activator of transcription (STAT)-5, mothers against DPP homolog 3 (SMAD3), etc. (De Bosscher et al., 2003; Necela and Cidlowski, 2004) . Most of such GR-TF interactions repress the activity of partner TFs and their target genes (transrepression). Recently, the additional mechanism of indirect gene regulation by GR has been discovered where GR blocks mitogen-activated protein kinases (MAPKs) (Kassel et al., 2001; Bruna et al., 2003) . Indirect, DNA-independent mechanisms of GR gene regulation appear to be critical for the antiinflammatory effects (Schacke et al., 2002) , whereas their role in the growth inhibition by glucocorticoids has never been addressed.
Although the clinical effect of glucocorticoids in HRCP patients is well known, the objective responses have been found only in 20-25% of patients (Fakih et al., 2002) . The limited effect of glucocorticoids in prostate carcinoma (PC) patients implies the changes in GR expression, function and/or availability of GR targets in PC cells. Indeed, we and others showed that different types of tumor cells lose their sensitivity to growth inhibition and apoptosis by glucocorticoids either because of the loss of GR expression or because of the abnormal GR function (Ray, 1996; Budunova et al., 1997; Greenstein et al., 2002) . These observations suggest that intact GR signaling is crucial for the growth control of lymphoid and epithelial cells and that in some tissues GR may act as a tumor suppressor.
Despite the use of glucocorticoids in the standard combinational therapies of PC patients, the information regarding GR expression in PCs is surprisingly limited and conflicting (Mohler et al., 1996; Nishimura et al., 2001) . To our knowledge, GR expression in early prostate lesions such as intraepithelial neoplasia (PIN) has never been evaluated. Furthermore, GR function in the prostate cells and its role in PC have never been studied, even though the growth inhibitory effect of glucocorticoids in GR-positive human and rat prostate cells has been reported (Nishimura et al., 2001) . These previous studies chiefly attribute growth inhibitory effect of glucocorticoids to the inhibition of NF-kB TF (Nishimura et al., 2001) .
Here, we for the first time present the comprehensive analysis of GR expression changes in the course of prostate tumorigenesis, and determine the effect of activated GR signaling on proliferation and the maintenance of transformed phenotype by PC cells.
Results

The expression of GR is decreased in HGPIN and PCs
We analysed GR expression in prostatic tissue specimens retrieved from the two independent repositories. Overall, we evaluated GR expression in 35 high-grade prostatic intraepithelial neoplasia (HGPIN) lesions, 116 PC samples (sum Gleason grades 6-10) and in 67 benign prostatic hyperplasia (BPH) samples.
The results of GR immunostaining appeared to be very similar between the cohorts (Figure 1 and Table 1 ). More than 80% of BPH samples showed high-intensity GR staining with nuclear localization in the epithelial cells ( Figure 1a ). Strong GR staining was localized to the nuclei in most of the glands in apparently normal prostatic tissues ( Figure 1b ). The nuclear localization strongly suggests that GR is constitutively active in both normal and hyperplastic prostate glands. In contrast, GR levels were low or below detection limit in 70-85% of PCs. There was no association between GR expression levels and Gleason grade of PCs in both cohorts. The lack of dynamics in GR expression during PC progression suggests that it is lost early in prostate tumorigenesis. Indeed, we found that GR expression was significantly decreased in 37% and partially decreased in 40-50% of HGPIN lesions compared to the morphologically normal prostate and BPH glands. However, the average number of GR-positive cells in HGPIN epithelium was almost twofold higher than in PC samples (Figure 1c) . Although the analysis of prostate stroma was beyond the scope of this study, we noted that GR was present at high level in the nuclei of stromal cells (Figure 1d ). Overall the immunostaining showed the decrease in GR expression to be an early event in prostate tumorigenesis, and suggested that GR may be important to control the growth of prostate cells.
Generation of GR-expressing LNCaP cells
To study the effect of GR re-expression on PC cell growth and transformation, we generated LNCaP cells stably expressing GR cDNA tagged with V5-tag at C-terminus using the lentiviral system. For tracking, we co-infected LNCaP-GR cells with yellow fluorescent protein (YFP)-expressing lentivirus (Figure 2a ). LNCaP cells infected with the empty vector (LNCaP-V) or with the YFP-expressing lentivirus (LNCaP-YFP) were used as a negative control. The level of GR in LNCaP-GR cells was comparable to the level of endogenous GR in DU145 and PC3 prostate cells (data not shown).
In the non-stimulated LNCaP-GR cells, GR was expressed mostly in cytoplasm and in some cells in the nuclei (Figure 2b ). This result probably reflects the altered ratio between GR and chaperone proteins in these cells, allowing partial spontaneous translocation of overexpressed GR in response to glucocorticoids in the serum. Upon stimulation, with fluocinolone acetonide (FA), exogenous GR readily translocated into the nuclei in B90% cells (Figure 2c and d). As expected, the treatment of LNCaP-GR cells with FA activated the glucocorticoid-responsive TAT3.Luciferase and MMTV.Luciferase reporters (Figure 2e ). (Figure 3a ), whereas producing no significant effect on control LNCaP-V and LNCaP-YFP cells (data not shown). On molecular level, the decreased proliferation was accompanied by upregulation of cyclin-dependent kinase inhibitors p21 and p27, decreased expression of cyclin D1 and proliferation marker Ki67, and a lower c-Myc phosphorylation (Figure 3c and d) . Interestingly, the expression of p21 was increased in LNCaP-GR cells in comparison to LNCaP-V cells even without hormone treatment. This may be due to GR partial spontaneous nuclear translocation described above.
To assess the transformation levels in vitro, we measured anchorage-independent growth in soft agar. Even without FA, both the number and the size of the colonies formed by LNCaP-GR-YFP cells were decreased compared to the LNCaP-YFP control (data not shown). Upon glucocorticoid treatment, colony formation by LNCaP-GR-YFP cells was drastically decreased (Figure 3b ). Tumor suppressor activity of GR in PC cells A Yemelyanov et al As epidermal growth factor (EGF) signaling is important for PC growth and transition to the HRPC stage and triggers PC cell proliferation in vitro (Mimeault et al., 2003) , we chose EGF as physiologically relevant stimulus to assess the GR effect on the induced PC cell growth. The recombinant EGF significantly augmented the growth of LNCaP-V and LNCaP-YFP cells (data not shown) as well as LNCaP-GR-YFP cells, both in monolayer and in soft agar (Figure 3a and b). The EGF effect was strongly inhibited by FA in LNCaP-GR-YFP cells (Figure 3a and b), but not in control cells (data not shown). Thus, activated GR strongly suppressed proliferation and anchorage-independent growth. This inhibitory effect was not attenuated by EGF, a well-known mitogen implicated in the progression of PC.
In some cell types including lymphocytes, glucocorticoid treatment may cause apoptosis (Bourcier et al., 2000; Greenstein et al., 2002) . As shown in Figure 3a , FA significantly reduced the number of LNCaP cells on days 6-12 of the treatment. However, the analysis of the poly-(ADP-ribose) polypeptide (PARP) cleavage, mitochondrial potential and caspase activity in LNCaP-GR cells treated with FA did not reveal significant proapoptotic effect of glucocorticoids in PC cells (data not shown).
GR activation normalized the expression of PC markers
To further evaluate the effect of GR signaling, we investigated several early and medium/late PC markers whose expression typically changes during prostate tumorigenesis. For the profiling, we selected maspin that is usually downregulated in PCs, hepsin, which is upregulated in PCs and alpha-methylacyl-CoA racemase (AMACR) whose expression increases early, in both HGPIN and PC lesions (Chen et al., 2003; Ananthanarayanan et al., 2005) . Western blot analysis and semiquantitative reverse transcriptase-polymerase chain reaction (RT-PCR) showed that in LNCaP-GR cells hepsin and AMACR were downregulated, whereas tumor suppressor maspin was upregulated upon FA treatment ( Figure 4) . Interestingly, the expression of PC marker genes was partially normalized in LNCaP-GR Tumor suppressor activity of GR in PC cells A Yemelyanov et al cells even without FA treatment. This could be attributed to the partial nuclear localization of GR in the untreated LNCaP-GR cells (see Figure 2 ). In summary, we conclude that the restoration of GR signaling resulted in overall normalization of PC cell phenotype.
GR activation blocked MAPK activity in LNCaP cells
The inhibition of MAPKs is an important regulatory mechanism by GR (Kassel et al., 2001; Bruna et al., 2003; Necela and Cidlowski, 2004) . Therefore, we examined the GR effect on the basal and inducible activity of MAPKs dual-specificity mitogen-activated protein kinase 1 and 2 (Mek1/2), extracellular signalregulated kinase 1 and 2 (Erk1/2), c-Jun NH 2 -terminal kinase (JNK)/stress-activated protein kinase (SAPK) and p38 using Western blot analysis with antibodies (Abs) specific for the active, phosphorylated forms of the respective kinases. The levels of MAPK expression and phosphorylation were not affected by glucocorticoid FA in vector transfected LNCaP cells resistant to the growth-inhibitory effect of glucocorticoids (data not shown). In contrast, the LNCaP-GR cells had much lower basal levels of phosphorylated forms of Mek1/2, p38 and JNK/SAPK (Figure 5a ), again likely reflecting partial GR activation discussed above. FA treatment caused dramatic time-dependent decrease of MAPK phosphorylation in LNCaP-GR cells. The level of phospho-MAPKs phosphorylation was decreased by the second day of treatment and further diminished during 3-6 day course of FA treatment (Figure 5a ). The relatively slow inhibition of MAPK phosphorylation by glucocorticoids is in line with the previous findings (Kassel et al., 2001; Greenberg et al., 2002) .
Interestingly, our experiments revealed that glucocorticoids also reduced the total amount of MAPK proteins. Mek1/2, p38 and SAPK/JNK protein levels decreased after 24 h FA treatment, and remained at this level thereafter (Figure 5a ). Semiquantitative RT-PCR analysis of Mek1, Mek2, Erk1, Erk2, p38 and JNK/ SAPK has not revealed significant inhibition at the mRNA level (data not shown). Therefore, glucocorticoid treatment may have affected either translation or stability of MAPK proteins.
MAPK cascade is activated by growth factors including EGF, cytokines and stress (reviewed by Maroni et al., 2004) . We investigated possible GR effect on induced MAPK phosphorylation using the inducers of specific MAPKs (Maroni et al., 2004) . We used EGF for Mek1/2 and Erk1/2 activation, and interleukin (IL)-1 or tumor necrosis factora (TNF)a for JNK/SAPK and p38 activation. IL-1 and EGF activated the corresponding MAPKs in LNCaP-V control cells within 5-15 min of treatment (Figure 5b and data not shown). In LNCaP-GR cells, the effect of studied inducers on Mek1/2 and SAPK/JNK was preserved, but the effect on Erk1/2 and p38 phosphorylation was either weak or absent even without hormone treatment (Figure 5b ). FA Tumor suppressor activity of GR in PC cells A Yemelyanov et al pretreatment decreased the effects of EGF and IL-1 on MAPK activation even further (Figure 5b) . Similarly, p38 and SAPK/JNK phosphorylation upon TNFa treatment was also inhibited in LNCaP-GR cells pretreated with glucocorticoids (data not shown).
The negative effect of glucocorticoids on Erk1/2 and p38 phosphorylation is known to be associated with increased expression of MAPK phosphatase 1 (MKP1) (Kassel et al., 2001) . We found that the expression of MKP1 protein was indeed increased in LNCaP-GR cells treated with FA (Figure 5c ).
Overall our studies strongly suggest that GR tightly regulates both constitutive and inducible activity of multiple MAPKs in PC cells.
GR regulated TFs in PC cells
One important mechanism of gene regulation by GR involves its interaction with other TFs. We utilized novel protein-DNA array technology for simultaneous assessment of the DNA-binding activity of multiple TFs. The effect of GR on TFs was evaluated in LNCaP-GR cells after 3 days of FA treatment, the time point when MAPKs were strongly inhibited, but the effect on cell growth was modest. Vehicle-treated LNCaP-V cells were used as an additional control to evaluate constitutive DNA binding. Only reproducible X2-fold changes in DNA binding were pursued. We identified multiple TFs affected by activated GR in LNCaP cells (Figure 6a) . Interestingly, B85% of those TFs were downregulated. GR-activated interferon g activation site recognized by STAT3, and orphan nuclear receptor a. Conversely, GR inhibited several TFs known to interact directly with GR and involved in transrepression such as AP-1, NF-kB, CAAT/enhancer binding protein (C/EBP)a, activating transcription factor (ATF)-2 (CREB-BP1), p53 and SMAD3 (see references in Figure 6a ). GR also blocked several TFs recognized as To link our data on TF regulation by GR to the regulation of PC markers by GR/glucocorticoids, we screened promoter sequences of AMACR, hepsin and maspin (between positions À2000 and þ 1 from the transcription start sites) for the appropriate binding sites using online Transcription Element Search System (TESS) (Schug and Overton, 2005) . We found that promoters of hepsin and AMACR contained binding sites for TFs inhibited by GR including C/EBP-a, Ets-1, Elk-1, NFATc, SRF and GATA4 (Figure 7) .
Discussion
Despite the wide use of glucocorticoids for PC treatment, the changes of GR expression during prostate tumorigenesis and its role in the prostate cells remain unknown. Here, we developed a comprehensive picture of GR expression during prostate tumorigenesis. We found that GR expression was decreased or absent in 70-85% of PCs compared to apparently normal prostate or BPH. We also revealed that the decrease in GR expression occurs early in prostate tumorigenesis, at the stage of HGPIN. The early loss of GR expression in prostate tumorigenesis resembles changes reported for estrogen receptor b, an inhibitor of prostate growth (Fixemer et al., 2003) . In contrast, the expression of other steroid hormone receptors either remains stable, like AR, or is increased, like estrogen receptor a and progesterone receptor (Fixemer et al., 2003; Torlakovic et al., 2005) . These results combined with our in vitro data discussed below strongly suggest a tumor suppressor role for GR in the prostate. Remarkably, the loss of GR was specific only for the epithelial compartment of PCs. In benign and malignant prostate specimens alike, the stromal cells showed predominant nuclear localization of GR (Figure 1 and Mohler et al., 1996) , suggesting an important role of GR specifically in prostate epithelium. It will be important to understand the molecular mechanisms that underlie the decrease of GR expression in PC cells. Even though the regulation of GR expression has not been well studied, the recent data indicate that DNA methylation is one of the mechanisms of epigenetic regulation of GR expression (Weaver et al., 2005) .
We evaluated the effects of restored GR signaling in LNCaP cells lacking endogenous GR on proliferation, differentiation and transformation. The inhibition of LNCaP-GR cell growth by FA correlated with the decreased Ki67 and Cyclin D1 expression, the increased expression of cell cycle inhibitors p21
Cip1 and p27
Kip1
, and the decreased c-Myc phosphorylation. Cell cycle-related proteins affected by glucocorticoids in LNCaP-GR cells are highly relevant to PC: cell cycle aberrations in PC are frequently linked to increased expression of cyclin D1 and other G1 phase cyclins, decrease in cell cycle inhibitor p27 Kip1 , amplification and activation of c-Myc (reviewed by Quinn et al., 2005) .
To evaluate the effect of GR signaling on LNCaP-GR cell differentiation, we analysed intermediate/late PC markers hepsin and maspin, and the early PC marker 
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A Yemelyanov et al AMACR, all currently introduced for routine PC diagnostics (Dhanasekaran et al., 2001; Chen et al., 2003; Jiang and Woda, 2004) . All these markers are important for PC growth, angiogenesis and metastases. AMACR and hepsin are protumorigenic (Zha et al., 2003; Klezovitch et al., 2004) , whereas maspin is an established tumor suppressor in different types of epithelium, including prostate. Maspin blocks angiogenesis, growth and invasion by PC cell in vitro and in vivo (reviewed by Schaefer and Zhang, 2003) . We showed that GR-mediated signaling promotes differentiated state in PC cells where potential oncogenes hepsin and AMACR are downregulated and the expression of tumor suppressor maspin is increased. We also showed dramatic decrease of transformation reflected by the loss of anchorage-independent growth. In summary, we for the first time demonstrated overall normalization of PC cell phenotype by GR signaling. Finally, we performed fine dissection of the mechanisms underlying GR antitumor activity in PC cells. One important mode of gene regulation by GR, transrepression, is in most cases mediated by direct interaction between GR and other TFs or by the crosstalk between GR and other signaling pathways, especially MAPKs (Kassel et al., 2001; Schacke et al., 2002; Bruna et al., 2003; De Bosscher et al., 2003; Necela and Cidlowski, 2004) .
MAPK-mediated signaling is crucial for proliferation and survival of tumor cells (Greenberg et al., 2002; Ricote et al., 2006) . Although changes in activation of specific MAPKs during prostate tumorigenesis are complex, nuclear expression of activated Erk and p38 and the level of phosphorylation of their targets Elk-1 and ATF-2 are frequently increased in PCs (Ricote et al., 2006; Gioeli et al., 2006) . We found that activation of GR signaling blocked the activity of four major MAPKs: p38, JNK/SAPK, Mek1/2 and Erk1/2. These data are in line with the observations that glucocorticoids suppress MAPKs activity in some cell types. One of the mechanisms of GR inhibition of MAPKs involves increased expression of MKP1 (Kassel et al., 2001 ), a primary glucocorticoid-responsive gene (Wu et al., 2004) . We also found the increased MPK1 expression in GR-positive cells treated with glucocorticoids. Our experiments also revealed an additional level of MAPK regulation by glucocorticoids, via post-transcriptional decrease of the total MAPK protein amount. Overall our results indicate that MAPKs are tightly regulated by GR/glucocorticoids in prostate cells.
Further, we showed that among numerous TFs whose activity was altered by GR in LNCaP cells, more than 85% were downregulated upon GR activation. Many of those, including AP-1, SRF, Ets-1, Elk-1, STAT1/ISRE, ATF2, C/EBPa, GATA4, EGR1 and PAX6 are recognized MAPK targets (references in Figure 6a and Supplementary material #1). Thus, their downregulation is an obvious consequence of the MAPK blockade by glucocorticoids. However, without further studies, we cannot rule out other mechanisms including the diminished expression of those TFs or their direct interaction with GR. Importantly, TFs repressed by GR contribute to the different steps of prostate tumorigenesis (references in Figure 6a and Supplementary material #1), and may control the expression of PC markers and differentiation of PC cells (Peterziel et al., 1999; Grossmann et al., 2001) .
In summary, our results suggest that GR signaling has an antitumor effect in prostate cells, and that glucocorticoid treatment of patients at early stages of prostate tumor development such as HGPIN, when PC cells still express GR, may result in the inhibition of PC growth and normalization of PC cell phenotype. In the future, it will be important to extend our studies, and to evaluate the GR expression in prostate at the stage of HRPC and in PC metastatic lesions. In any case, the changes in GR expression should be taken into consideration to design the optimal time regimens for PC patient treatment with these steroid hormones and to enhance the clinical benefit of glucocorticoid therapy.
Materials and methods
Cell cultures and treatments
LNCaP cells (American Tissue Culture Collection, Rockville, MD, USA) were cultured in RPMI1640 medium (Gibco BRL Life Technologies, Rockville, MD, USA) with 10% FBS (HyClone, Logan, UT, USA), sodium pyruvate (10 mM), N-2-hydroxyethylpiperazine-N 0 -2-ethanesulfonic acid (10 mM) and antibiotics (Gibco BRL Life Technologies, Rockville, MD, USA) (referred thereafter as complete medium). The cells were treated with 10 À9 -10 À6 M FA (Sigma, Saint Louis, MO, USA), TNFa (10 ng/ml), IL-1 (1 mg/ml) and EGF (1-100 ng/ml) (all from BioSource Inc., Camarillo, CA, USA) where indicated.
Generation of LNCaP-GR cells
To generate LNCaP cells stably expressing rat GR cDNA (kindly provided by Dr M Beato, Philipps-Universitat, Marburg, Germany) tagged with V5 at the C-terminus, we used lentiviral system (Invitrogen Corp., Carlsbad, CA, USA). For selection of GR-positive clones, 6 mg/ml blasticidin was applied. For easier tracking, a second line of LNCaP cells was co-infected with CMV.GR-V5tag and YFP lentiviruses, and the cells containing YFP were selected by sorting. Control cell lines were established by infecting LNCaP cells with either the empty lentivirus (LNCaP-V) or the YFP-expressing lentivirus (LNCaP-YFP).
Western blot analysis
Whole-cell protein extracts were prepared using radioimmunoprecipitation assay buffer as described elsewhere (Rosenberg, 1996) , resolved by sodium dodecyl sulfatepolyacrylamide gel electrophoresis on 10% gels, transferred to nitrocellulose membranes (BioRad, Hercules, CA, USA), incubated with primary Abs (see Supplementary material #2) followed by peroxidase-conjugated anti-rabbit or anti-mouse immunoglobulin (Ig)G secondary Abs (Cell Signaling Technology, Beverly, MA, USA) and ECL reagent (Amersham Pharmacia Biotech, Sweden) for the band visualization. To verify equal loading and adequate transfer, the membranes were probed with anti-actin and/or anti-b-tubulin Abs (Santa Cruz Biotechnology, Pasadena, CA, USA). To quantify the signals, images were scanned and digitized using ImageJ software (NIH, Bethesda, MD, USA).
Transient transfections and Luciferase assay PC cells at 70% confluence were transfected with reporter Luciferase plasmids (see the list of reporter plasmids in the Supplementary material #3) in 24-well plates using Effectene reagent (Qiagen Inc., Valencia, CA, USA). Each well totally contained 0.2 mg of the plasmid DNA. All experimental and control groups contained at least three wells. The cells were harvested 36 h after transfection and Luciferase activity was measured using commercial Luciferase assay (Promega Corp., San Luis Obispo, CA, USA) on a TD20/20 Turner luminometer (Turner Design Instruments, Sunnyvale, CA, USA). When necessary, the cells were pretreated with 10 À9 -10 À6 M FA or vehicle (0.1% ethanol) for 2 days before transfections. The transfection efficacy was normalized using Renilla Luciferase (RL) under minimal promoter (Promega, Madison, WI, USA) to equalize for the transfections efficiency.
RT-PCR
A two-step RT-PCR reaction using reverse transcriptase murine leukemia virus-RT, random primers and PCR-Supermix (both from Invitrogen Corp., Carlsbad, CA, USA) with appropriate PCR primers was performed using total RNA isolated by the RNAeasy kit (Qiagen Inc., Valencia, CA, USA). The PCR primers (see the primer sequences in the Supplementary material #4) were designed using the PrimerBank database (http://pga.mgh.harvard.edu/primerbank/), RTPrimerDB Real Time PCR Primer and Probe Database (http://medgen.ugent.be/rtprimerdb/index.php) and Vector NTI software (Invitrogen Corp., Carlsbad, CA, USA).
PCR products were run on 1.5% agarose gels, the actual amount of PCR product was measured by Agilent 2001 Bioanalyzer and normalized to the amount of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) PCR product. The quantitative data are presented as the ratio of GAPDHnormalized amount of PCR product in FA-treated vs vehicletreated cells.
Proliferation assay
The proliferation was measured by direct cell counts, or for the YFP-expressing cells fluorescence was measured by a Victor plate reader (Perkin-Elmer, Boston, MA, USA) at 436 nm excitation, and 480 nm emission wavelengths. For both tests, the cells plated at 10 4 cells/well onto 12-well plates were cultured in complete media with 6 mg/ml blasticidin in the presence of FA, EGF or vehicle (0.1% ethanol) for 1-12 days. Each experimental and control group consisted of three wells.
Colony formation assay in soft agar
The modification of previously described standard assay (Li and Johnson, 1998) was used. Briefly, the cells were trypsinized, washed in complete medium, resuspended in the medium with 0.6% agar and plated over the pre-formed agar underlayers (1% agar in complete medium) in 12-well plates (10 4 cells in 350 ml/well). After 2 and 4 weeks, the colonies were analysed using Zeiss fluorescent inverted microscope AxioVert. Each experimental and control group consisted of six wells.
Immunostaining of prostate tissues and cell cultures Details of tissue collection procedure, immunostaining of cell cultures and tissue samples, and morphological evaluation are described in Supplementary material #5. Tissues were obtained from two cohorts of consented untreated patients (aged 40-82 years) by TURP (transurethral prostatic resection) or radical prostatectomy. Immunostaining of paraffin-embedded sections of formalin-fixed prostate samples was performed using primary mouse monoclonal anti-GR Abs (Novocastra, Norwell, MA, USA) followed by secondary anti-mouse IgGreagent provided in the diaminobenzidine chromogen-based Envision þ System-HRP kit (DakoCytomation, Carpinteria, CA, USA) and counterstained in Mayer's hematoxylin. The number of prostate epithelial cells with nuclear GR signal was evaluated by þ to þ þ þ scoring.
Immunostaining of cell cultures was performed on sterile coverslips. Cells were fixed, permeabilized and incubated with primary Abs (overnight at 41C) followed by anti-rabbit donkey fluorescein isothiocyanate-conjugated and/or anti-mouse donkey Cy-3-conjugated secondary Abs (both from Jackson Immunoresearch, West Grove, PA, USA) and application of 4,6-diamidino-2-phenylindole (DAPI) (Vector Laboratories Inc., Burlingame, CA, USA) to identify the nuclei.
Transcription factor protein/DNA arrays To simultaneously evaluate the activity of multiple TFs, we used Combo-Array version of TranSignal protein/DNA interaction array (Panomics Inc., Fremont, CA, USA) containing probes for binding sites for over 300 TFs (for detailed description see Jiang et al., 2004 and Supplementary material #6) . The experiment was repeated three times. The differences in signal between FA-and vehicle-treated samples X2 were considered statistically and biologically significant if they were revealed in all three experiments.
In silico analysis of TF binding sites In silico promoter analysis of hepsin, maspin and AMACR was performed using 5 0 upstream promoter sequences between positions À2000 and þ 1 from the transcription start sites. The online Transcription Element Searching System TESS was used (Schug and Overton, 2005) . Only TF binding sites displaying no variability from canonical sequences were selected for the analysis.
Statistical analysis
All experiments were repeated at least three times. Mean and s.d. values were calculated using Microsoft Excel software and compared using paired Student's t-test. A P-value of o0.05 was considered statistically significant.
Abbreviations
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